Background: Quality of life (QOL) assessments with the European Organization for Research and Treatment of Cancer (EORTC) QLQ-C30, QLQ-HCC18, C30 and HCC18 index scores have been shown to be prognostic factors for overall survival (OS) in patients with hepatocellular carcinoma (HCC), independent of disease stage and liver function. Liver function parameters (including bilirubin, albumin, international normalized ratio [INR], Child-Pugh class, ALBI grade, MELD, alkaline phosphatase [ALP]-to-platelet ratio, albumin-to-ALP ratio) have also been found to be independent prognostic factors for OS in HCC patients. There has been scanty data on whether QOL and baseline liver function per se are correlated in HCC patients. This study investigates the correlations between baseline QOL data and liver function variables in HCC patients. Methods: From 2007 to 2011, 517 patients were enrolled. Baseline QOL was assessed at diagnosis using the EORTC QLQ-C30 and QLQ-HCC18; thereafter C30 and HCC18 index scores were derived. Clinical and laboratory data were collected. For liver function assessment, Child-Pugh class, ALBI grade, MELD, ALP-to-platelet ratio and albumin-to-ALP ratio were derived. Correlation analyses were performed between QOL and liver function data. Results: Complete QOL data were available in 472 HCC patients. After adjusting for clinical variables, significant correlations were found between QOL (QLQ-C30 and QLQ-HCC18) and dichotomized liver function variables (including Child-Pugh class, ALBI grade and the presence of ascites). It was demonstrated that QOL had significant and potentially clinically important correlations with continuous liver function variables (albumin, bilirubin, ALP and albumin-to-ALP ratio), with the highest Spearman's rank correlation coefficient (rho) exceeding 0.4. HCC18 and C30 index scores were also significantly correlated with these liver function variables. HCC18 index score, which had rho up to 0.37, generally performed better than C30 index score, which had rho up to 0.33. Conclusions: In HCC patients, baseline QOL assessment (using EORTC QLQ-C30, QLQ-HCC18, C30 index-score or HCC18 index-score) is significantly correlated with liver function. Based on the findings of this study, future trials are warranted to assess whether treatment to enhance liver function could improve HCC patients' QOL.
Background
Liver cancer ranked the fifth most common cancer in the world, with 782,451 new cases per year in 2012. It was also the second leading cause of cancer death worldwide, responsible for 745,533 deaths in 2012. The ratio of mortality to incidence was 0.95, signifying its very aggressive nature and poor prognosis [1] . Screening population at risk for HCC by regular ultrasonography and alpha fetoprotein (AFP) level has been proven in one study to improve rate of early detection and increase the chances of curative treatment and survival [2] . However, for most parts of the world, only opportunistic screening is offered to patients with chronic liver diseases [3] . Various management guidelines for HCC are available, these include the Barcelona Clinic Liver Cancer staging classification and treatment approach for HCC (BCLC) [4, 5] , Asia-Pacific Association for the Study of the Liver guidelines on the management of HCC (APASL) [6] , European Association For The Study Of The Liver-European Organization For Research And Treatment Of Cancer clinical practice guidelines on management of HCC (EASL) [7] , and the American Association for the Study of Liver Diseases guidelines for the treatment of HCC (AASLD) [8] . These guidelines unanimously recommend that preserved liver function is an important pre-requisite to deliver effective treatment to HCC patients.
Most hepatocellular carcinomas (HCC) arise in patients with cirrhosis. The most frequent etiologies of HCC in western countries have been chronic hepatitis C virus (HCV) infection and alcoholic liver disease [9] [10] [11] [12] [13] , while in Asian countries, the main etiological factor has been chronic hepatitis B virus (HBV) infection [9, 10, 14] . Regardless of etiology, patients with HCC are frequently challenged by impairment of liver function as a result of chronic liver disease and cirrhosis in addition to liver tumor burden. Inadequate liver functional reserve creates difficulty in clinical management and negatively affect prognosis.
Liver function has been demonstrated to be associated with overall survival (OS) in patients with HCC. Specifically, parameters that have been reported to be independent prognostic factors in HCC include bilirubin [15, 16] , albumin [16] , international normalized ratio (INR) [17] , alkaline phosphatase (ALP) [18] , Child-Pugh classification [19, 20] , albumin-bilirubin (ALBI) grade [21, 22] , Model for End-stage Liver Disease (MELD) [23] , ALP-to-platelet ratio [24] and albumin-to-ALP ratio [17, 18, 25] .
QOL in HCC patients is a complex issue affected by medical, psychological, social and spiritual factors [26] . While symptoms arising from HCC tumor per se, the underlying chronic liver disease and cirrhosis, as well as therapeutic intervention for HCC might affect patients' QOL, other aspects including socio-spiritual support, patient's coping skill, cultural background and health literacy could also influence QOL. Various instruments have been developed to measure QOL in HCC patients.
The European Organization for Research and Treatment of Cancer (EORTC) QLQ-C30 and Spitzer Quality of Life Index have been found to be prognostic of OS in patients with advanced stage HCC [27] [28] [29] . Subsequently, the EORTC QLQ-HCC18, a QOL instrument specifically designed to address issues faced by HCC patients, has also been found to be prognostic for OS in unselected HCC patients, independent of HCC stage and liver function [30] . More recently, in an attempt to simplify the interpretation of results obtained from the various functional domains and symptoms/items scores in the EORTC QLQ-C30 and QLQ-HCC18 assessment, we reported two scoring indices, namely the C30 index-score and HCC18 index-score. These are two single summative scores representing QLQ-C30 and QLQ-HCC18 respectively and they facilitate survival analysis. These have been demonstrated to be highly significant factors for OS [30] . On the other hand, Functional Assessment of Cancer Therapy -General (FACT-G) has been evaluated but has not been reported to be prognostic of OS in HCC patients [31] .
Although functional impairment of the hepatic organ commonly occurs in HCC patients, there is very limited data on whether baseline liver function and QOL are correlated in HCC patients. We hypothesized that QOL in HCC patients is correlated with the status of their liver function. We, therefore, attempt to assess the correlation between liver function and QOL in HCC patients.
Methods

Patients and methods
The study was approved by the Joint Chinese University of Hong Kong -New Territories East Cluster Clinical Research Ethics Committee. From January 2007 to December 2011, all patients with newly diagnosed HCC who attended the Joint Hepatoma Clinic of the Prince of Wales Hospital were invited to this study. Informed written consents were obtained from all participants.
The eligibility criteria included age 18 years or above; newly diagnosed HCC established either by histology, or the combination of radiological and biochemical findings (hypervascular hepatic lesion and elevated AFP ≥400μg/L, or typical pattern in 2 radiological modalities by ultrasonography, multiphasic computed tomography, magnetic resonance imaging or angiography); treatment-naïve for HCC, ability to read and comprehend Chinese. The exclusion criteria included history of other malignancies, encephalopathy or cognitive impairment.
QOL assessment
The Chinese version of EORTC QLQ-C30 [32] and QLQ-HCC18 [33] questionnaires were used to assess patients' baseline QOL on the same day upon entering the study. C30 and HCC18 index-scores were calculated as previously published [30] . Detailed descriptions of these are listed in Table 1 .
Clinical factors
Demographic, clinical and laboratory data were also collected on the day of study entrance. Since there was no prior information on the relationship between QOL and liver function in HCC patients, we explored a broad array of liver function variables in the analyses. These included albumin, ALP, alanine transaminase (ALT), bilirubin, INR and platelet counts. Presence or absence of ascites was noted. Child-Pugh class, MELD, ALBI grade, albumin-to-ALP ratio and ALP-to-platelet ratio were derived (see Table 2 ).
Statistical analysis
Standard descriptive analyses were performed to assess sample characteristics. The following liver function assessments based on stratified scoring systems were dichotomized into normal versus abnormal groups: Child-Pugh class (' A' versus 'B and C'), ALBI grade ('1' versus '2 and 3'), MELD grade ('1' versus '2 and 3'), respectively. Univariate logistic regressions were used to evaluate the correlations between dichotomized liver function variables and continuous QOL factors. To control for clinical factors, baseline clinical variables including age, gender, performance status, liver biochemistry, AFP level, presence of cirrhosis, etiology of cirrhosis, tumor stage and planned treatment, together with all significant QOL variables obtained from univariate logistic model were entered into the multivariate logistic regressions with stepwise selection. For all logistic regressions, odds ratios (OR) were calculated with odds of patients belonging to abnormal liver function group against normal liver function group. Ninety-five percent confidence intervals (95% CI) of OR were also calculated. Since the QOL data were not normally distributed, the correlations between continuous liver function parameters (in natural logarithm) and the QOL data were assessed using Spearman's rank correlation analysis. A p-value of less than 0.05 was accepted as statistically significant. Further, we defined Spearman's rank correlation outcomes with coefficient (rho) of ≥0.3 or ≤ − 0.3 as potentially clinically important [34] [35] [36] [37] . The statistical analyses were performed using statistical software (SAS version 9.3; SAS institute, Cary, NC, USA).
Sample size estimation
Assuming Spearman's rho between QOL and liver function variables to be at least 0.3, with two sided alpha-level of 0.05 and power of 0.9, the required sample size was 133 patients [38] . We aimed to obtain C30 and HCC18 index-scores for [32] EORTC QLQ-C30 is a general cancer instrument containing multiple items, measured in multiple-point Likert scales, that reflect the multidimensionality of QOL construct [32] . It includes five functional domains (physical, role, cognitive, emotional and social), three symptom domains (fatigue, pain, nausea and vomiting), and a global health and QOL domain. Six single items assess common symptoms in cancer patients (dyspnea, appetite loss, sleep disturbance, constipation and diarrhea) and financial problem. All scales and domains are transformed to scores ranging from 0 to 100. A lower score for a functional or global QOL scale reflects a poorer functioning level or global QOL, while a lower score for a symptom/problem scale reflects less symptoms/problem (better QOL).
European Organization for Research and Treatment of Cancer QLQ-HCC18 (EORTC QLQ-HCC18) [33]
EORTC QLQ-HCC18 includes eighteen multiple item scales organized into six domains (fatigue, body image, jaundice, nutrition, pain and fever) and two items (abdominal swelling and sex life) [33] . All scales are grouped and transformed to score ranging from 0 to 100. A lower score represents a less severe symptom/problem (better QOL). EORTC QLQ-HCC18 is used together with EORTC QLQ-C30. all analyzed patients. This required all patients to have all QOL questions answered. For this reason complete-case analysis would be preferred in the study in order to calculate index-scores accurately. To minimize the impact of complete-case analysis, we set the final target sample size to be three times the original sample size (399 patients).
Results
Patient characteristics
Five hundred and seventeen patients were consented, amongst whom 472 (91%) had complete QOL data and were included for analysis. Tables 3 and 4 showed the clinical characteristics and baseline QOL data of these patients. The median age at diagnosis was 60. Ninety-six percent had Eastern Cooperative Oncology Group (ECOG) performance status of 0 or 1. Sixty-eight percent of all patients were of Child-Pugh class A. Fifty-nine percent had cirrhosis. HBV infection was present in 82%, while 6% had HCV infection. One hundred and eight (23%) patients had extra-hepatic metastasis. 152 patients (32%) had portal vein thrombosis.
Correlations between QOL and liver biochemistries
Albumin level had significant correlations with C30 index-score, HCC18 index-score, and majority of scales in QLQ-C30 and QLQ-HCC18 (see Table 4) . A higher albumin level was correlated with a better QOL. Among these correlations, six were considered to be potentially clinically important, namely QLQ-C30 'physical functioning' , 'role functioning' , 'fatigue' , QLQ-HCC18 'fatigue' , 'abdominal swelling' and HCC18 index-score. Figure 1 shows the scatter plot of HCC18 index-score against albumin level. Bilirubin level had significant correlations with C30 index-score, HCC18 index-score, majority of scales in QLQ-C30 and QLQ-HCC18 (see Table 4 ). The lower the bilirubin level, the better the QOL. Two correlations, QLQ-HCC18 'abdominal swelling' and HCC18 indexscore, were potentially clinically important. Figure 2 shows the scatter plot of HCC18 index-score versus bilirubin level.
INR level had significant correlations with C30 indexscore, HCC18 index-score, most scales in QLQ-C30 and all the eight scales in QLQ-HCC18 (Table 4 ). Lower INR level was correlated with better QOL. A significant and relatively stronger correlation was seen with QLQ-C30 'fatigue'; however, the Spearman's rho was only 0.25 and thus, there was no correlation identified to be potentially clinically important.
ALP level had significant correlations with C30 indexscore, HCC18 index-score, most scales in QLQ-C30 and all QLQ-HCC18 scales (Table 4) . Patients with lower ALP had better QOL. Five correlations were potentially clinically important: HCC18 index-score, C30 index-score, QLQ-HCC18 nutrition, QLQ-C30 'fatigue' and 'role functioning'. Figure 3a and b show the scatter plots of C30 and HCC18 index-scores against ALP level respectively.
ALT level had significant correlations with C30 indexscore, HCC18 index-score, a few scales in QLQ-C30 and QLQ-HCC18 (Table 4) . However, none of these correlations was considered to be potentially clinically important.
Correlation between QOL and albumin-to-ALP ratio
Albumin-to-ALP ratio had significant correlations with C30 index-score, HCC18 index-score, majority of scales in QLQ-C30 and all eight scales in QLQ-HCC18 (see Table 4 ). A better albumin-to-ALP ratio was associated with a better QOL. Ten potentially clinically important correlations were identified: HCC18 index-score, C30 index-score, QLQ-HCC18 'nutrition' , 'abdominal swelling' , 'fatigue' , 'body image' , QLQ-C30 'fatigue' , 'role functioning' , 'physical functioning' and 'appetite loss'. Figure 4a and b show the scatter plots of C30 and HCC18 index-scores against albumin-to-ALP ratio respectively.
Correlation between QOL and ALP-to-platelet ratio ALP-to-platelet ratio had significant correlations with C30 index-score, HCC18 index-score, a few scales in QLQ-C30 and QLC-HCC18 (see Table 4 ). However, none of these correlations was high enough to be regarded as potentially clinically important.
Correlation between QOL and child-Pugh class
Thirty-two percent of patients were in Child's class B or C, the rest were in Child's class A (see Table 3 ). There were significant correlations between Child's class and Tables 5 ).
Patients with worse C30 index-score, HCC18 index-score, as well as worse QOL scores in majority of scales in QLQ-C30 and QLQ-HCC18 were more likely to be in Child's class B or C (p < 0.01). After adjusting for clinical variables, QOL remained significantly correlated with Child's class (see Table 6 ).
Correlation between QOL and ALBI grade
Three hundred and seventeen patients (67%) were classified as ALBI grades 2-3, 155 (33%) as ALBI grade 1 (Table 3) . QOL had significant correlations with ALBI grade (see Table 5 ). Patients with worse C30 index-score, HCC18 index-score, as well as worse scores in majority of scales in QLQ-C30 and all the eight scales in QLQ-HCC18 were more likely to be of ALBI grade 2 or 3 (p < 0.03). After adjusting for clinical variables, QOL remained significantly correlated with ALBI grade (see Table 6 ).
Correlation between QOL and the presence of ascites
One hundred and twenty two patients (26%) presented with ascites at diagnosis (Table 3) . QOL was significantly correlated with the presence of ascites (see Table 5 ).
Patients with worse C30 index-score, HCC18 index-score, as well as worse QOL scores in majority of scales in QLQ-C30 and QLQ-HCC18 were more likely to have ascites (p < 0.05). After adjusting for clinical variables, QOL remained significantly correlated with ALBI grade (see Table 6 ).
Correlation between QOL and MELD
One hundred and sixty one patients (32.4%) were of MELD grade 2 or 3, while 319 (67.6%) were of grade 1 (see Table 3 ). There were significant correlations between MELD grade and QOL variables in univariate logistic regressions (see Tables 5). Patients with worse C30 index-score, HCC18 index-score, as well as worse scores in majority of scales in QLQ-C30 and QLQ-HCC18 were more likely to be of MELD grade 2 or 3 (p < 0.05). However, after controlling for clinical variables, no QOL variable was significantly correlated with MELD grade (see Table 6 ). In our earlier study, we have developed C30 and HCC18 index-scores in an attempt to simplify the Fig. 1 Scatter plot of HCC1 8 index-score against ln(albumin level). ln -natural logarithm; rho -Spearman's rank correlation coefficient Fig. 2 Scatter plot of HCC 18 index-score against ln(bilirubin level). ln -natural logarithm; rho -Spearman's rank correlation coefficient Fig. 3 a. Scatter plot of C30 index-score against ln(alkaline phosphatase level). b Scatter plot of HCC1 8 index-score against ln(alkaline phosphatase level). ln -natural logarithm; rho -Spearman's rank correlation coefficient Fig. 4 a. Scatter plot of C30 index-score against ln(albumin to alkaline phosphatase ratio). b Scatter plot of HCC1 8 index-score against ln(albumin to alkaline phosphatase ratio). ln -natural logarithm; rho -Spearman's rank correlation coefficient various domains and items scores in the EORTC QLQ-C30 and QLQ-HCC18 tools respectively for survival analyses, and they were found to be significant prognostic factors for OS [30] . We proposed to use these 2 respective index-scores as they are easy to calculate and could be conducted in daily clinic setting. In the current analysis, we aimed to assess the correlations between QOL and liver function in HCC patients. Without prior knowledge on the level of correlation with various QOL factors, we have included the available index-scores alongside the 'standard' QOL domains and items in the analyses in order to assess how well each of these could perform.
Findings from the current analyses support the fact that the 2 index-scores have potentially clinically important correlations with four continuous liver function variables. None-the-less, it is acknowledged that these indices are by no means able to replace the domains and items within QLQ-C30 and QLQ-HCC18 that addressed QOL in greater depth.
The current study has some limitations. Since the sample size of this study was large enough, even what appeared to be relatively weak correlations have been shown to have statistically significant p-values. For examples, a number of QOL factors showed significant correlations with ALT level and ALP-to-platelet ratio. However, it has to be noted that the magnitudes of these Spearman's rho were too weak and thus they are unlikely to have clinical importance. Another limitation would be the lack of follow up assessments of liver function and QOL. These data could be potentially useful, since correlation analyses between QOL and liver function at later time-points may further depict the relationships between liver function and QOL. Thus, further studies with longitudinal follow-up data are warranted.
QOL has gained increasing attention in HCC patient management; specifically, improving patients' QOL has become an important goal to clinicians. Most phase III clinical trials in HCC patients reported QOL as one of the main study endpoints [39] [40] [41] [42] [43] . QOL in HCC patients is known to be related to the tumor severity and treatment toxicity. The current study reported potentially clinically important correlations between QOL and liver function in HCC patients. The study findings highlight to clinicians the relevance of liver function in addition to tumor burden to QOL among HCC patients. Along with HCC tumor per se, liver functional impairment may be the result of other co-existing conditions including viral infections and biliary obstruction. Interventional treatments, by means of anti-viral drug administration and radiological or surgical biliary drainage respectively might improve liver function and have positive impact on QOL of HCC patients. Future trials are warranted to assess whether treatment to enhance liver function could improve HCC patients' QOL.
Conclusions
With the background knowledge that QOL and liver function are both independent prognostic factors for survival in HCC patients irrespective of stage, this study further explored the relationship between QOL and liver function. In HCC patients, baseline QOL assessment (using EORTC QLQ-C30, QLQ-HCC18, C30 index-score or HCC18 index-score) is significantly correlated with liver function. Based on the findings of this study, future trials are warranted to assess whether treatment to enhance liver function could improve HCC patients' QOL. 
